Noggin and Wnt3a enable BMP4-dependent differentiation of telencephalic stem cells into GluR-agonist responsive neurons.
Early telencephalic development is dependent on the spatially and temporally coordinated regulation by essential signaling factors. For example, members of the Bone Morphogenetic Protein (BMP) family, such as BMP4, are crucial for proper development of dorsal telencephalic structures. Stimulation of multipotent telencephalic neural stem cells (NSCs) with BMP4 induces differentiation primarily into astrocytic and mesenchymal cells. However, BMP4-mediated mesenchymal differentiation is inhibited at certain culture conditions of NSCs, corresponding to in vivo developmental contexts. These inhibitory mechanisms are not fully understood and the terminal fate of non-astrocytic BMP4 treated NSCs under these conditions is unclear. Here we show that secreted factors inhibited BMP4-mediated mesenchymal differentiation of telencephalic NSCs. BMP4 mediated a dramatic and direct up-regulation of endogenous noggin levels, that in turn exerted a concentration-dependent inhibition of BMP4-mediated mesenchymal differentiation of NSCs. Instead, BMP4 exposure of NSCs induced neuronal differentiation in mesenchyme-preventing conditions, whereas treatment with recombinant noggin alone did not. Wnt signaling is known to be essential for the development of neurons derived from the dorsal telencephalon, and co-stimulation of NSCs with BMP4+Wnt3a resulted in a synergistic effect yielding significantly increased number of mature neurons compared to stimulation with each factor alone. Thus whereas only a subset of BMP4-induced neurons derived from telencephalic NSCs, responded to glutamate receptor (GluR) agonists, over 80% of BMP4+Wnt3a-induced neurons responded appropriately to GluR-agonists. Our results increase the understanding of the role for BMP4 in differentiation of telencephalic multipotent progenitors, and reveal novel implications for noggin and Wnt3a in these events.